Background: Indigenous primary health-care (PHC) services participating in continuous quality improvement (CQI) cycles show varying patterns of performance over time. Understanding this variation is essential to scaling up and sustaining quality improvement initiatives. The aim of this study is to examine trends in quality of care for services participating in the ABCD National Research Partnership and describe patterns of change over time and examine health service characteristics associated with positive and negative trends in quality of care.
inTrODUcTiOn
In Australia, there are disparities in health outcomes, with lower life expectancy and high rates of morbidity among Aboriginal and Torres Strait Islander populations and rural and remote populations (1) . Primary health care (PHC) is the cornerstone of the Australian health system and provides first contact, continuing ambulatory health-care services. In rural and remote settings, characterized by geographic dispersion and workforce shortages, PHC can be delivered by a range of health-care providers, including resident general practitioners, remote area nurses, Indigenous Health Workers, and fly-in, fly-out services among others.
In this context, improving the quality and consistency of PHC provided to Aboriginal and Torres Strait Islander people is an essential part of the Australian Government's Close the Gap program (2) . The aim of the Closing the Gap policy is to achieve equality in health status and life expectancy between Aboriginal and Torres Strait Islander peoples and non-Indigenous Australians. A range of Indigenous 1 PHC centers [both Aboriginal Community Controlled Health Services (ACCHS) and government-run health services] provide PHC services for Indigenous people. However, the quality of care provided by such services and the intermediate health outcomes achieved vary significantly between services, as does the response to continuous quality improvement (CQI) activities (3, 4) .
Continuous quality improvement aims to facilitate ongoing improvement in the quality of PHC care by using objective information to analyze and improve systems, processes, and outcomes (5, 6) . A CQI cycle of "plan, do, study, act" provides a theoretically coherent and practical way for PHC services to organize themselves and engage staff to identify, address, and overcome the barriers to innovation (7) . Key features of modern CQI approaches make them well suited to the Indigenous Australian setting (6) . The participatory approach and "customer focus" of CQI and the combination of scientific and humanistic values (8) (9) (10) accord with the principles and values of Aboriginal and Torres Strait Islander people as expressed in national statements on research and cultural respect (11, 12) .
Previous research by Schierhout et al. has illustrated the complexity of the interaction between contexts and mechanisms in mediating response to CQI activities (13) , but limited research has systematically investigated the characteristics and contextual factors of a particular service that influence the success (or otherwise) of quality improvement initiatives (2, 3) . Yet, understanding this variability in response is a vital next step to facilitate scaling up and sustaining CQI interventions and improvement in the quality of primary care on a broader scale.
Informed by current CQI theory and practice, the Audit and Best Practice for Chronic Disease (ABCD) project demonstrated that a CQI model could be effective in supporting Indigenous PHC services to use evidence-based best practice in chronic illness care, with all 12 participating services achieving significant improvements in clinical systems development, process of diabetes care, and patient outcomes (14) .
Following this success, an extension project used action research to explore the potential transferability and sustainability of the model. This extended and improved the audit tools, processes, and resources available to support services and enable development and implementation of additional audit tools beyond diabetes (Maternal Health, Child Health, Rheumatic Heart Disease, and Mental Health) (15) . In November 2009, a service support organization was established: One21seventy, which expanded the opportunity for PHC services to engage in CQI beyond research involvement. The name One21seventy reflects the center's commitment to increasing life expectancy for Aboriginal and Torres Strait Islander people beyond 1 year in infancy, 21 years in youth, and 70 years in the lifespan.
The ABCD/One21seventy CQI cycle uses annual cycles of assessment and feedback using clinical and systems quality improvement tools and a web-based data entry and reporting system to support staff to identify "gaps" in clinical care and health service systems that should be addressed to enhance quality of care. One21seventy provides tools, training, and support for PHC providers to use the CQI audit cycle and a website that facilitates automated analysis and data reports for immediate access by health center staff.
As part of the CQI cycle, a Systems Assessment Tool (SAT) is completed by each participating service, ideally though a group meeting involving clinical staff, for a structured assessment of strengths and weaknesses of the systems in place to support client care. The SAT was developed through modification of the Assessment of Chronic Illness Care scale [based on the Chronic Care Model (16)] (17) and is used by primary health center staff as both a measurement and developmental tool. The SAT enables health service staff to score their health service systems across various domains necessary for effective care and to justify this score. Following the audits and SAT, health services are encouraged to hold a feedback workshop to reflect on and discuss these findings. The health service staff, including non-clinical staff, are then encouraged to collectively set goals and to develop and implement an action plan [goal setting and action plan (GSAP)] over the next 12 months with the aim of enhancing the quality of client care before the next audit cycle.
The audit and Best Practice for chronic Disease national research Partnership
The ABCD National Research Partnership was established in 2010 to provide ongoing support for services implementing CQI and to continue the program of research on quality improvement in Indigenous PHC. The Partnership works alongside One21seventy to develop the evidence base for quality improvement work. By December 2014, there were 175 PHC services participating in the ABCD NRP (137 government health services, 38 ACCHSs).
2 One21seventy/ABCD clinical audits are usually completed by clinical staff (nurses, general practitioners, and Indigenous health workers), who have been trained in the use of the audit tools, with support from quality improvement facilitators (18) .
Response to CQI
Previous research using ABCD/One21seventy audit data has focused on performance over time in diabetes care (18) , variation between services in delivery of preventive care (19) , improvement in delivery of rheumatic heart disease care (20) , barriers and enablers to the implementation of the Plan-Do-Study-Act cycles (21) , and a realist analysis of change over time drawing from an evaluation of patterns of change over time (13) . A striking feature of these analyses to date is that some services markedly improved their quality of care as measured by clinical audit through this process, while others had more mixed outcomes showing inconsistent, unchanged or an apparent decline in performance against the best practice standards (4). Analyses suggest that consistent improvement across CQI cycles is not directly related to size of service, remoteness, or type of service; however, at least for diabetes, duration of participation in CQI appears to be important (18) . This paper aims to (i) examine audit performance trends for all services participating in the ABCD National Research Partnership and describe trends in quality of care over time and (ii) examine the association of health service characteristics with positive or negative trends.
MaTerials anD MeThODs study Design
This study used an analysis of longitudinal CQI data between 2005 and 2013 to categorize services according to their patterns of change in quality of care over time. Then, backwards stepwise multiple logistic regression analyses were used to examine the associations between patterns of change and health service characteristics.
Data collection
CQI data derived from the One21seventy clinical audit tools were available from PHC services participating in the ABCD National Research Partnership between the years 2005 and 2013. Only services that had conducted at least three annual audits were used in this analysis, as this allowed assessment of trends over time. The audit data reflect service delivery as recorded in medical records.
Data analysis

Performance Scores
Health service performance was calculated for each audit using a summary score of adherence to guideline-derived best practice in service delivery (4, 13) . The overall adherence to delivery of scheduled services for each client was calculated by dividing the sum of services delivered by the total number of scheduled services and expressing this as a percentage. For example, if only half the recommended services were recorded as delivered to a client over a particular audit period, overall adherence/performance would be 50%. A mean adherence (for all clients audited) for delivery of Type 2 diabetes care, preventive care, maternal care, and child care in a given health service represented an overall performance score for the health service in a given audit cycle. 
Trends in Performance Over Time
Drawing on ABCD CQI clinical audit data for each health service, we constructed a measure of the proportion of guideline-scheduled 
Consistent high improvement
Service showed consistent ascending performance scores in an audit from first to last audit and bridged a certain percentage of the gap between the first score and 100% depending on the number of audits it had completed, e.g., if a health service had completed four audits in the maternal audit, then it was required to bridge 30% of the gap (between its first audit performance score and 100%) to be classified as a consistent high improver in maternal health Positive 2 Sustained high performance Service demonstrated performance score of its last audits in the top tertile (67th percentile or higher) for a particular audit, e.g., for the Type 2 diabetes audit, the top tertile was a performance score of 73 or higher. For a PHC service that had completed six audits, if the last four performance scores were 73 or higher, it was classified as a sustained high performer Positive 3 Decline Service showed consistent descending performance scores from first to last audit and bridged a certain percentage of the gap between the first audit score and 0% depending on the number of audits it had completed, e.g., if a health service had completed four audits, then it was required to bridge 30% of the gap between its first audit performance score and 0% to be classified as a decliner Negative 4 Marked variability A PHC service was classified as having a marked variability if the difference between its maximum and minimum performance score was >33% (or a tertile) of its median score, and it showed opposite trends of at least 10% in the preceding and following three audits services delivered for each audit tool in each year of participation. The measure for child health included only services that were specified in the guidelines used in all states/territories where there were participating services. These measures were then represented graphically over the period of participation in each audit tool in panel plots. Based on visual inspection, verified by mathematical analysis ( Table 2) , six patterns of trends in performance over time were identified: consistent high improvement, sustained high performance, decline, marked variability, consistent low performance, and no specific increase or decrease (Figure 1) . Table 2 details the specific quantitative method used to categorize health service trends over time into these six categories for each of the audit tools, and Figure 2 illustrates examples of each of these categories of performance trends over time.
For the purpose of analysis of performance over time and health service characteristics, the categories of trends over time were grouped as positive (consistent high improvement/ sustained high performance), neutral (no specific increase or decrease), and negative (decline/consistent low performer/ marked variability) (2).
Explanatory Variables
Backwards stepwise multiple regression analyses were conducted to identify whether any significant associations exist between performance category of health services and health service characteristics. Health service performance trends (positive or negative) were used as the outcome variable. The independent variables included in the model were governance (government-or community-controlled health center); location [rural, remote, urban based on the Australian Standard Geographical Classification (ASGC-RA) system]; population size (≤500, 501-999, ≥1000); accreditation status during the audit period as reported in the health center and community survey (never accredited, accredited for some of the time, and accredited for all of the time); CQI commencement year; and continuous variables representing the percentage of SAT and Goal Setting and Action Plans (GSAP) completed.
Results are expressed as odds ratios (OR) and 95% confidence intervals (CI). All variables were included in a model and then backwards stepwise multiple logistic regression was used to eliminate some variables and result in a final model. Mann-Whitney U tests were used to analyze associations between positive performance trends over time and the number of audits performed. Alpha of <0.05 was considered statistically significant. Statistical analysis was conducted using STATA software, V.13 (StataCorp, College Station, TX, USA). Figure 1) . Forty of the 73 services are located in Queensland, 25 in the Northern Territory, 4 in New South Wales, 3 in Western Australia, and 1 in South Australia; 62 services are in remote locations, with the remainder in urban (n = 1) or inner or outer regional (n = 10) locations. Eighteen of the eligible health services are ACCHS, and the remainder are state-or territory-operated.
Ethical Considerations
classification of Trends in Performance Over Time
Health services commenced participation in CQI at differing times and completed varying numbers of audit cycles. Table 3 shows the number of services using each audit tool by year. The most commonly used audit tools are those for Type 2 diabetes and preventive health (Figure 1 ).
There was a wide variation in baseline level of performance and divergent trends in performance achieved by health services across the four audit tools. Thirty health services were categorized as consistent high improvers in at least one audit tool (not shown).
Considering performance by audit tool, 43% (n = 26) of 61 health services showed consistent high improvement or sustained high performance (i.e., a positive trend) in delivery of diabetes care, 38% (n = 25/65) in preventive health, 40% (n = 17/42) in maternal health, and 23% (n = 11/47) in child health (Figure 1) .
No significant associations were found between a positive trend (when compared with negative or neutral trends over time) and number of audits performed for Type 2 diabetes (p = 0.59), child health (p = 0.60), maternal health (p = 0.52), or preventive health (p = 0.10).
When services with a positive trend in performance were compared with those with neutral or negative trends, there were no consistent associations across each audit area between accreditation, governance, remoteness, population size, CQI commencement year, percent SAT completed or percent GSAP completed, and health service performance.
Percent of GSAP undertaken over the period of the audits (OR: 0.98; 95%CI 0.96-0.99) is associated with a negative trend in performance in Type 2 diabetes ( Table 4) . Percent of SAT undertaken over the period of the audits (OR: 0.97; 95%CI 0.95-0.99) is associated with a negative trend in performance in child health ( Table 4) . None of the health service characteristics are significantly associated with trends in performance in maternal or preventive health.
DiscUssiOn
This study has demonstrated the feasibility and utility of classifying and describing trends in quality of care over time (defined as the proportion of guideline-derived care delivered) provided by Indigenous PHC services engaged in CQI activity. This allows an analysis of health service characteristics associated with each trend in performance, across each audit tool. To the best of our knowledge, this is the first time trends in performance associated with CQI activity have been empirically developed from largescale CQI PHC data and used as an outcome measure for health service performance over time. The quantitative classification method used in this study may be of interest to leaders of other CQI programs, most likely as a means of selecting services with different performance patterns for further qualitative exploration.
There is no clear or consistent evidence that any of the health service characteristics that were included in this analysis showed an association with patterns of change in clinical performance. The significant associations that were found for some health service characteristics are counterintuitive, and these associations are not consistently demonstrated in the analysis of data using different audit tools, so clearly further exploration is needed.
The analyses suggest that trends in performance are subject to influences that are more difficult to quantify. There is also a need to improve measurement of some of the influences that may be quantifiable for the purpose of this type of research -for example, accreditation and quality of the CQI process (including rigor in use of SATs, quality of goal setting, and action planning processes). CQI Trends in Performance Frontiers in Public Health | www.frontiersin.org strengths and limitations of the study
The strength of this study is the access to a large, geographically distributed CQI dataset involving longitudinal data from 165 services from which patterns of performance can be analyzed and a strong network of Indigenous PHC services, peak bodies, and academic partners across jurisdictions. There are also some important limitations to this analysis which mean that we cannot conclusively say that the factors that we have examined do not have an influence on trends in performance, at least in some contexts. Key limitations include that (a) the sample size in terms of numbers of health services within each audit tool dataset is relatively small (65 health centers within the largest dataset) and therefore numbers within each trend in performance category (positive, negative) are also small; (b) the numbers of services using each tool by year, for the purpose of comparing individuals against the median score for all PHC services, was also relatively small; and (c) some of the health service system measures/indicators (such as GSAP completion) had missing data and may need further development as quantitative measures.
Eligible health services were not randomly selected but were participants in the ABCD NRP. Although this reflects either a commitment to CQI at health service and/or jurisdictional level, the commitment of individual services to the rigor of the protocols varied. Health services commenced participation in the ABCD NRP at different times over a period of years. Thus, duration of participation was longer for some health services than others and the number of audit cycles in each audit tool varied between services, with some services having substantial gaps between audits. The study relied on data retrieved from paper-based and electronic clinical medical records, which may underestimate actual service delivery due to lack of documentation in clinical records.
Although health services are provided with guidelines to achieve an adequate sample size for each audit tool, sampling approaches by individual health services may be affected by available time and resources and may not be representative of the eligible population in each community. The study does not include patient-level characteristics, which have some influence on the level of health service performance in each tool (18) .
The finding that there was no consistently significant association between CQI performance trend category and health service level characteristics may reflect the relatively small numbers of PHC services in some groups. Despite being the largest researchoriented database of CQI data, the number of health services within each pattern of change was relatively small limiting statistical power.
Discussion of the Findings in relation to Other relevant research
The comparability of these findings with similar studies is limited by this being the first study to use trends in service delivery at the health service level over time as an outcome variable rather than adherence to delivery of scheduled services (4, 19) . Nonetheless, previous research has found delivery of care is better in remotely located health services (18, 19) , health services with smaller service populations, community-controlled services (19) , longer participation in the CQI program, and regularity of client attendance (18) .
Our finding that accreditation of health services is not associated with a positive trend in quality of care, is consistent with previous research (4, 13, 20, 21) and indicates that improvement in quality of care at the health service level may be related to within service factors (13, 20) .
Primary health-care services are both complex adaptive systems themselves and operating within larger complex adaptive health systems (22) . PHC services are multidimensional organizations, with a large number of factors potentially interacting in their influence on capacity to respond to CQI, and many of these factors are not easily measured (4, 15) . Quality of care provided by individual health services and the degree of response to CQI activities varies widely due not only to within service factors but also community and individual factors, including health-seeking behaviors (4) .
The qualitative realist study by Schierhout et al. identified several processes impacting on improved service delivery outcomes that are not easily measurable (13) . These factors were (1) collective or shared valuing of clinical data for performance improvement; (2) collective efficacy -a shared belief of achieving improvement through CQI audit processes; and (3) organizational orientation toward population health. These factors are also affected by a range of contextual factors that can act as facilitators or constraints to improved service delivery.
implications of Findings for Practice, Policy, and research
Understanding variations in quality of care and response to CQI initiatives has been an ongoing challenge for health service researchers (23) . The variation in delivery of guidelinescheduled services, and particularly health services showing a negative trend in association with CQI activities, highlights important areas for action in these health services and may reflect a lack of commitment to CQI, a lack of leadership and teamwork within the services, or a variety of other possible influences on performance. However, it is critical that the measures listed here not simply be used as part of a performance and outcomes framework by funders without further exploration. The well-known burden of disease in the Indigenous population and the low levels of adherence to clinical guidelines in some health services indicate that important opportunities for delivery of preventive services, early detection and treatment, chronic disease care, and maternal and child health care are being missed.
To achieve population health impact, the next step is to increase understanding of how to lift the standard of care on a broad scale (24) . Detailed qualitative studies of services demonstrating positive or negative trends in performance in association with CQI initiatives may help us understand how effective CQI operates within and between services. Further fine grained understanding of system factors and patient-level factors that promote consistent high improvement in quality of care will inform clinicians, health managers, and policy makers to develop strategies to improve quality of care in Indigenous health services.
cOnclUsiOn
Identifying and categorizing trends in performance over time in Indigenous health service performance in association with CQI provides essential information to the health services themselves, to governance and to policy makers in terms of the variable performance of mainly remote Indigenous health services and the number of services that may require additional support to improve the quality of care provided to their clients. Improving health care in Indigenous communities is vital to reduce Indigenous health disparity and contribute toward "Closing the Gap" in terms of health outcomes and life expectancy.
The variable trends in quality of care as reflected by CQI audit tools do not appear to be related to easily measurable health service characteristics. Possibly due to limitations in existing data, analysis of health service characteristics based on trends in performance did not yield any consistent results. As health services continue to engage in the CQI audit process and more data become available this may become a useful method to examine which, if any, health service characteristics are associated with trends in health service performance. Nonetheless, this process was valuable in terms of the development of a quantitative method to identify health services which have showed positive or negative trends in quality of care delivered or little change over time in each of the audit tools.
The lack of consistent associations between service level characteristics and positive and negative trends in association with CQI may be an indication of the complexity of the relationship between service level, network, community, and patient factors in terms of supporting quality improvement. Detailed qualitative case studies with high-improving services are now in progress to provide rich, contextual exploration of how these factors operate and interact in facilitating or limiting quality improvement.
aUThOr cOnTriBUTiOns
The study was conceived and designed by RB, SL, GS, and ST. SL was the principal investigator for the study and the main author of this paper and guarantor. VM, TP, MM, and CW contributed to the data collection and analysis, with advice and guidance from RB, SL, and GS. SL, TP, AP, VM, MM, and CW contributed to the manuscript writing. SL, RB, and ST assisted with the interpretation of the findings and manuscript editing. ST advised on the clinical aspects of the findings. All authors contributed to the synthesis of the overall study findings reported here, and critically revised the manuscript for important intellectual content. All authors have seen and approved the final paper. All authors agree to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved. 
